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COMPLETE SPECIFICATION 
Chemically Reacting Gases with Liquids 



We, Unelever Limited, a Company 
r eg ist e r ed under the tars of Great Britain, 
of Pore Sunlight, in the County of Chester, 
England, do hereby declare die invention, for 

5 which we pray that a patent may be granted 
to us, and the method by which it is to 
be performed, to be particularly described in 
and by the following statement: — 

This invention relates to processes -and ap- 

10 paratus for chemically reacting' a gas with a 
liquid. 

In many reactions between gases and 
liquids, sutih as in chlorinatiom, sdrphation 
and sulphnnation processes, the action between 

15 the gas and the liquid phases is effective 
ordy when the gas and liquid molecules are 
brought into inrirrtur contact, an<f the exo- 
thermic heat generated, or the endotbermic 
heat required, is removed from or added to 

20 the mixture of rcactants to control the rate 
of reaction or to bring it to comptetion. It is 
with processes of this land that the present 
invention is concerned. 

According to the invention there is pro- 

25 vided a process for chemically reacting a gas 
with a liouirf, which process comprises: feed- 
ing the liquid reactant on to one surface of 
a rapidly rotating disc of a heat-condwii ve 
nvan-rinl so that the liquid reactant is spread 

50 across that surface in a fast moving thin film 
by centrifugal forces arising (From the motion 
imparted to the liquid reactant by the fric- 
tional drag of the disc; exposing the liquid 
film to the fuscous reactant to cause the gas 

35 and the liquid to react with one another; 
and, as ifbe film flows across the disc of 
heat-conductive material, removing the exo- 
thermic hear. x*f reaction from* or supplying 
the ^ndodiermac heat of reaction toj the liquid 

40 him through the disc of the heat-conductive 
material. 

Such a process has the advantage that h 
provides not only a very short residence time, 
a v«ery chin film of liquid reactant, and 



despite the afSimrrss of this film, a remark- 
ably high throughput of com mer cial signifi- 
cance, but also mrnimiys hack-mixing of the 
reaction product with unreacted material, thus 
helping the reaction to go to completion and 
reducing the opportunity for unwanted sub- 
sequent reactions to occur. Moreover, as the 
fast moving thin film is caused to expand 
radially as it progresses across the surface of 
.the disc, the liquid at the gas-liquid interface 
is continually replaced so that the con ceuu a- 
don of molecules of reaction product at the 
interface is dispersed immediately and furnher 
liquid reactant molecules are presented at the 
interface Cor reaction with the gas; 

The invention also provides apparatus for 
chemically reacting a .gas with & liquid, which 
comprises a rotatabie disc of a heat-conductive 
material, means for feeding a liquid reactant 
to the surface cf one side of the disc and 
adjacent to its centre, so mat when the disc 
is rotated the liquid reactant: is spread across 
that surface in a fast moving thin film by 
centrifugal forces arising from the motion 
imparted to the liquid reactant by the fric- 
rjonal drag of 4Jhe disc; means'for feeding a 
gaseous reactant to. the space adjacent to 
the surface of the disc on -which die liquid 
film is farmed for exposure of the Hquid 
fihn to the gaseous reactant, heat transfer 
means for removing heat from or supplying 
heat to the surface of the opposite side of 
the disc, and means for collecting the reaction 
product from the periphery of the disc. 

In order to xna&e the most effective use 
of the friction al drag forces, the surfaces of 
the rotatable disc should be substantially 
planar. The disc in use can, for example, 
be rotated at 1540 revolutions per minute. 
The material of construction of the rotatable 
disc should be one of good rfrrmnl conduc- 
tivity, for example mild steel, aluminium, 
copper or silver, and those components in 
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contact with reacmnrs should be of corrosion 
resistant material. . r , 

Preferably the liquid reactant c fed on 
to the disc over the whole of an area of 

5 the surface of the disc surrounding the centre 
of the disc so that the most efficient use is 
made of the disc surface, and the means for 
feeding the fiiquid reactant to me disc is 
arranged accordingly. The way in w&icn die 

10 liquid is fed on to the rotating disc -will 
influence the properties- of the film formed 
and the performance of the apparatus. The 
liquid can advannigeously be fed an n>_me 
disc in an even manner by providing a feed 

15 box at the end of the liquid feed pipe, such 
that a circular orifice, centred on the arts 
of the disc, is produced between the feed 
bos and the disc surface. The liquid reactant 
is conveniendy fed on to the disc through a 

20 passage in a stationary saatt arranged co- 
axially with the rotating disc 

Preferably the flow of gaseous reactant is 
concurrent with the flow cf liquid reactant, 
but countercurrent flow can be employed m 

25 orciimstances where there is advantage or no 
disadvantage in allowing fresh gas to contact 
(liquid reactant containing a large proportion 
of reaction product, and it is desired to help 
<me reaction to go to completion. The gaseous 

30 reactant can if desired be under superatmo- 
spheric pressure or reduced pressure: it can 
be fed through a pas^gp in a stationary shaft 
arranged cc-axiaHy with the rotating disc, 
preferably also one which carries the liquid 

35 reactant feed in a separate passage, Its velo- 
city cf entry &ould not be so great as to 
strip the liquid film off the rotating disc. 
The gaseous reactant can suitably be exposed 
to the film of liquid reactant in a chamber 

40 defined by the rotating disc and a casing 
attached to the perimeter of the disc, the 
casing being rctatably mounted on the 
stationary shaft. 

A. stationary disc is preferably proviaea 

45 parallel to and shindy displaced from, the 
rotating disc, so as to confine the path c. 
the gaseous reactant n> the surface of the 
film of liquid reactant, the gaseous reacranr 
being fed evenly into the space between the 

50 two discs, preferably at a point adjacent to 
the liquid feed. The presence of the stationary 
disc not only ensures flow of gas parallel 
to the liquid on the rotating disc surface, 
but aisa increases turbulence in the gas at 

55 the gas/liquid interface, and thus improv.-s 
the transfer performance between the gas 
and liquid. 

In some instances heating of the rotating 
disc surface opposite that on which the liquid 

60 reactant flows can be by means of radiation 
or convection type heating, and cooling can 
be by means of air or other gases, but the 
exotienmc heat of reaction is preferably re- 
moved from, or the endothermic heat of re- 

65 action supplied to, the liquid fern by causing 



a ft* m of a beat transfer liquid to flow across 
the surface of the side of the rotating disc 
opposite that across which the liquid reactant 
flows, the heat transfer Haufd flowing across 
the disc smfa^y by centrifugal ^forces arising 70 
from the motion imparted to ft by uoe frac- 
tional drag of the disc Advantageously such 
heat transfer liquid is fed on to die opposite 
side of the disc over the whole of an area 
of that surface surrounding the centre of the 75 
disc When considering provision^ of rapid 
heat exchange with the reactant liquid it is 
not merely sufficient to obtain good heat 
transfer between the reacting liquid and the 
fiear-^amducrive material, and an equally good 80 
heat exchange performance between, the heat 
transfer liquid and iflbe _ heat-conducrive 
material is necessary. A particular advantage 
of carrying out the process using a film of 
liquid heat transfer material as described 85 
above is that the heat exchange advantages 
obtained by & highly tnrbulent thin 

liquid film are achieved on both sides of 
the heat-conductive ma t e ri a l . ^ 

Accordingly in apparatus of the invention 90 
the heat transfer means preferably comprises 
means for feeding a heat transfer liquid to 
die surface of the opposite side of the rotat- 
able disc and adjacent to its centre, so that 
when this disc is rotated the heat transfer 95 
liquid is spread across that surface in a fast 
moving thin film by centrifugal forces arising 
from the mod on imparted to the heat transfer 
liquid by the fricrional drag of the disc, and 
the rwi»* for feeding the heat transfer liquid 100 
to the rotatable disc is preferably arranged 
for die feeding of liquid over die whole 
of an area of the surface of the disc surround- 
ing *uhe centre of the disc. 

The reaction product can be collected from 105 
the periphery of the disc, for instance by a 
dip pipe, and preferably from an annular 
channel at the periphery o? the disc by a 
pipe whose inlet is within the channel, and 
made to flow through a passage in a stationary 110 
shaft arranged co-axiaMy with the rotating 
disc which carries ether passages ifccough 
which the gaseous and Hquid reactants are 
fed to the disc A separate gas outflet from 
the reactor can be provided such as by a 115 
separate Hwnnd in the stationary shaft. This 
prevents farther reaction between gas and 
Hquid from occurring after leaving the rotat- 
ing disc. This arrangement wiH normally only 
be used when a stationary disc as described 120 
above is employed, as a stationary disc would 
then prevent the gas escaping from the re- 
actor before it contacted the liquid film. The 
stationary disc can contain channels leading 
at one end to the periphery of the disc and 125 
conriecring at the other end with the discharge 
channel through the stationary shaft, the whole 
being designed so that the reaction product 
is removed from the periphery of tflie disc 
through these channels rather than through a 130 
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dip pipe. This arrangement provides a more 
even removal of Ciaurd and reduces the width 
of the casing required. 

Depending on the rate of reaction and the 

5 heat of reaction the liquid r rarmnt can be 
passed through two or more units of apparatus 
of tfie invention in series. Fresh gaseous re- 
actam can be led to each unit or the gas 
can pass through the series of units. Different 

10 liquid temperatures can be adopted in the 
separate units, for instance to minimise side 
reactions. 

A process of the invention is particularly 
advantageous for carrying out sulphonation 

15 or sulpharion reactions in which sulphur tri- 
oxide or a mixture of sulphur trioxide and 
air or an mere gas is reacted with organic 
compounds, (or example, hydrocarbons or 
fatty alcohols. 

20 Examples of hydrocarbons that can be 
sulphonated using the process of tibe invention 
are the aromatic and aiiphatic-aromaiic 
- hydrocarbons* especially those altyEbenzenes 
which on sulphonation give rise to products 

25 having surface-active properties. Examples of 
aHpharic-aramatic hydrocarbons are the alkyl- 
ated benzenes having 9 — 18 carbon atoms in 
the alky! group. Other sulphonation reactions 
that nn be carried out are those for solphon- 

30 a ting C, — Qa fatty acids to give alpfha. sulpho- 
fatty adds. 

Fatty alcohols which are readily suiphated 
in accordance with a process of the invention 
air, for example, the straight chain alcohols 

35 containing — 20, preferably 12 — 18, carbon 
atoms. Ethylene o^ide derivatives such as the 
aJkylphenoi-ethylene oxide condensates, for 
. example, containing 5^—12 carbon atoms in 
the alkyi group, or et&yiene oxide derivatives 

40 of Q — (fatty alcohols, can also be 
sulphated using a process of the present 
invention. 

Examples of other reactions between gases 
and liquids in which a process of the inven- 
45 dun on be applied are the chlorinatkm. of 
alkali for the production of hypochlorite, the 
hydrogenation of edible oils, and the produc- 
. tian of amides by reacting ammonia with 
fatty acids. 

50 The gaseous rcactant can be "dbe vapour of 
a material which is liquid under normal 
atmospheric pressure or temperature. The 
. liquid rcactant can be a material which is 
normally a solid but which has been liquefied 
55 by hearing or obtained in liquid form by 
dissolution in a suitable solvent: Mixtures of 
gpa^ft or mixtures of liquid reactants can also 
. be used. 

An embodiment of the invention will now 
60 be described with reference to the accom- 
panying drawing. 

Referring to the drawing, a disc 1 of heat- 
conductive material is joined at its periphery 
to a casing 2 mounted on a bearing housing 
65 3 which rotates on bearings 4, 5 mounted 



on a hollow stationary shaft 6. Between the 
casing 2 and the shaft 6 is arranged a sealmg 
g^and 7. 

In the shaft 6 are accommodated two steel 
tubes 8, 9 providing inlet passages 10, 11 70 
and an outlet passage 12. Tube 9 terminates 
in port 13, the free edge d4 of which is 
spaced by a narrow gap 15 from the surface 
16 of disc 1. Passage 10 communicates through 
port 17 at the end of tube 8 with a space 75 

18 between the disc surface 16 and casing 
2. Passage 12 between shaft 6 and tube 8 is 
in communication with the inlet of a pipe 

19 which extends downwards through space 

13 to an annular channel 20 defined by the 80 
periphery of disc 1 and casing 2. 

Disc 1 is extended at its periphery on the 
side farther from casing 2 to form a flange 
21 which is shaped to provide an gnmrinr 
gutter 22. Qose to the surface 23 on the 85 
reverse side of disc 1 is arranged a liquid 
feed box 24 over the end of which is sSidably 
mounted an; adjustable sleeve 25, die free edge 
26 of winch is spaced by a narrow gap 27 
from the surface 23 of disc 1. The liquid 90 
feed box 24 is provided with an inlet 28, 
and an outlet pipe 29 extends into the annular 
gutter 22. 

In operation, the disc 1 is rotated at bigh 
speed by suitable means (not shown) such as 95 
by an electric motor connected by belt and 
pulley to housing 3. liquid rcactant A is 
fed along channel Si in tube 9 and is under 
pressure so that at port 13 there is main- 
tained a body of the liquid rearm nt A in 100 
contact with the disc surface 16 over an 
area surrounding the centre of the disc. The 
disc 1 rotated at high speed draws the Hquid 
A out through the narrow gap 15 between 
the edge 14 of tube 9 and surface 16 and 105 
causes it to flow across tfiie surface 16 of 
disc 1 as a thin, fast moving film under the 
influence of centrifugal forces arising from 
the motion: imparted to the liquid by the 
fried onafl. drag of the disc. HO 

The gaseous reactant B is fed along the 
passage 10 between tubes 8 and 9 and is 
passed out through port 17 into the space 
18 between disc 1 and casing 2. Here the 
gas which is now exposed to the liquid film 115 
moving over the disc surface 16 reacts with 
the Hquid A. A very rapid and complete re- 
action is possible due to the intimate and 
substantial contact be tween the molecules of 
tfhe gas and those of the fast moving liquid 120 
film. 

The liquid reaction product C on reaching 
■the periphery of disc 1 flows circumferentially 
around the annular channel 20, is collected 
by pipe 19, and passes with considerable 125 
kinetic energy along it and through passage 
12 between tube 8 and shaft 6. Any unreactcd 
gas Is removed with the reaction product C 

The heat of reaction is withdrawn from, or 
(where the reaction is endothexmic) supplied 130 
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jd, the reaction irdxtiire by causing a heat 
transfer liquid D to flow on &c surface 23 
of disc 1. This heat transfer liquid is fed 
through inlet pipe 28 into feed box 24 to 
maintain a body of liquid in contact with 
the sunface 23 of the disc >1 over an area 
surrounding the centre of the disc Hie heat 
transfer liquid is dffiwn oat thresh gap 27 
between the edge of sleeve 25 and' surface 23 
of disc 1 and flows rapidly as a thin .film 
over surface 23. An igrm p dim e and efficient 
heat transfer between the two Hqmds flowing 
over the surfaces 16 and 23 of the disc 1 
is obtained. The heat transfer liquid © on 
Teaching the edge of disc 1 flows drenm- 
feretniafiy in the annular gutter 22 and passes 
out through oatfc^pipe 29 with considerable 
kinetic energy* „ 

The drawing also shows as an optional 
feature a stationary disc 30 attached to port 
17 and extending through space 18 parallel 
to disc 1, leaving a «q> 31 between its peri- 
phery and casing 2 for passage of die reaction 
product to channel 20 and pipe 19. 

The foflowing Example flinstrates the use 
of the apparatus described above without the 
stationary disc 30. 

Example 

TBas Example concerns the sulphomtion of 

30 a commercial alkylbenzene ihydrocarboii of 
aveia ge molecular weight 245, whose aHkyl 
portion is essentially straight chain secondary 
aftyi, using a mixture of sulphur trioxide 
vapour and air as surphonating medium- The 

35 disc 1 had a diameter of 12£> inches and a 
thickness of 3/16 inch, was constructed of 
mad steel, and was rotated at a speed of 
1,540 revolutions per Tmnnre. The hydro- 
carbon was supplied at 20° G and at a 

40 rate of 90 B>-/hr. through pipe 9 of * 

diameter, the gap 15 between the end oi t&e 
pipe and the disc surface 16 being 1/32 
mSL Cooling water at 20° G was supplied 
in a <fmi1ar manner to die reverse side 23 

45 of die disc at a rate of 2,000 fix/hr. A 
mixture of sulphur trioxide vapour and dry 
air in the respective proportions of 4:2 by 
volume was supplied dtfon^ passage 10 ar 
a rate of 390 caA.fia. (at ST.P.) Sulphon- 

50 arion occurred on the disc surface 16 and 
the material left the apparatus at a> tempera- 
ture in excess of 100° O and was found on 
analysis to contain 93.7% of aftytoryi sulpho- 
n*t* toother widi unreacted afeyfaryi hyaro- 

55 carbons. TIhe material obtained from the ap- 
paratus was as acceptable in respect of colour 
ss that obtained from a conventiairal batch, 
starred-tank reactor. 

WHAT WE CLAIM IS:— 
60' L A process for chemically reacting a gas 
widi a liquid, which process comprises: feed- 
ing die QiquB reactant on to one surface of a 
rapidly rotating disc of a heat-conduccrve 



material so that the liquid reactant is spread 
across that surface in a fast moving thin film 65 
by centrifugal forces arising from the motion 
imparted to the liquid reactant by the frio- 
tionai drag of the disc; exposing the liquid 
film to the gaseous reactant to cause the gas 
anrl the liquid to react widt one another; 70 
and, as the film flows across the disc of heat- 
ccjiductive material, removing the exothermic 
heat of reaction from, or supplying the endo- 
thermic heat of reaction to, me liquid fUm 
through the H??c of heat-<onducdve materiaL 75 

2. A process as daimed in Claim 1, in 
which the (liquid reactant is fed on to the 
Totaling disc over the wihole of an area cf 
the surface of the disc suiiuuuding the centre 

of the disc. ^ 

3. A process as claimed in- Claim 1 or 
Qaim 2y in which the exothermic heat of 
reaction is removed from* or the endotbenmc 
hear of reaction supplied to, the liquid film 

by causing a film of a heat transfer liquid 85 
to flow across the side of the rotating disc 
opposite that across which ifce liquid reactant 
flows. 

4. A process as claimed in Claim 3> in 
which the heat transfer liquid is fed on to 90 
the rotating disc over the whole of an area 

of that surface surrounding the centre of the 
disc. 

5. A process as claimed in any preceding 
rfa'm, in which, the reaction product is col- 95 
lected from the periphery of the rotating 
disc 

6. A proc e ss according to Qaim 5, in 
whic&k the reaction product is coll ected from 

an annular ^ann^l at the periphery of the 100 
rotating disc by a pipe whose inlet as within 
the channel. 

7. A process as daimpd in any preceding 
claim, in which the liquid reactant is fed on 

to the rotating disc through a passage in a 105 
stationary shaft arranged co-axiaity with the 
rotating disc 

8. A process as claimed in Qaim 7, in 
w&ich the gaseous reactant is also fed through 

a passage in the stationary shaft. ^ 110 

9. A process as Haimrd in Claim- 7 or 
Cjitim 8, in which the gaseous reactant is 
exposed to the fiSm of liquid reactant in a 
chamber rf»fin«l by the rotating disc and a 
casing attached to the periphery of xhe disc 115 
the casing being rotatably mounted on the 
stationary shaft. 

10. A process as daimed in any one of 
Claims 7 to 9, in which the reaction product 

is collected from the periphery of che rotating 120 
disc and flows through a passage in the 
stationary shaft. 

. 11. A process as daimed in any preced- 
ing claim, in which the path of the gaseous 
reactant is confined to the surface of the film 125 
cf liquid reactant, 

12* A process as claimed in any preceding 
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rbi'nr, in which the flow of gaseous reactant 
is concurrent with die Kquid reacant. 

13. A process as daimed in any preced- 
ing claim, in which &e Hqmd reactant is an 

5 organic material and the gaseous rcactanc is 
sulphur trioxide. 

14. A process as daimcd in Gteim 13, in 
which the organic material is a hydrocarbon. 

15. A process as daimcd in Oaim 14, in 
10 which the hydrocarbon is an aftyftenzene that 

on snZphonation gives rise tx» products haying 
surface-active properties. 

16. A process for chenricaHy reacting a gas 
with a liquid substanriaHy as herein deserted 

15 with reference to the aixtiuipanying drawing. 

17. A process for dbenrically reacting a gas 
with a Kquid substantially as herein: described 
with reference to the Example. 

•IS. A reaction product when obtained by 

20 a process cflaimed in any preceding claim . 
' 19. Apparatus for chemically reacting a gas 
with a Hquid, which comprises a rotatable disc 
of at faea*<onductive material, means for feed- 
ing a liquid reactant to the surface of one 

25 side of the disc and adjacent to its centre, 
so that when the disc is rotated die liquid 
reactant is spread across that surface in a 
fast moving thin film by centrifugal forces 
arising from the motion imparted to the Hquid 

30 reactant by the fractional drag of the disc; 
means for feeding a gaseous readmit to the 
space adjacent to the surface of the disc on 
which the liquid is formed for exposure 
of the Kama him to the gaseous reactant, 

35 heat transfer means for removing heat from 
or supplying heat to die surface of the 
opposite side of the disc, and means for 
collecting the reaction product from the peri- 
phery of the disc. 

40 20. Apparatus according to Qaun 19, m 
which the means for feeding the liquid re- 
actant to the rotatable disc is arranged for 
the feeding of liquid over the whole of an 



area of the surface of the disc surrounding 
the. centre of the disc 45 

21. Apparatus according to Oaim 19 or 
Claim 20, in which the means for (feeding 
die gaseous reactant includes a stationary 
disc arranged pangd with the rotatable disc 

so as to confine the path of the gaseous re- 50 
acrant to the surface of die film of Hquid 
reactant. 

22. Apparatus according to Oaim 21, in 
which the means for feeding the gas e uub re- 
acmnt is disposed for flow of the gaseous re- 55 
actant concurrent with the film of liquid 
reactant. 

23. Apparatus according to any one of 
Claims 19 to 22, in which die heat transfer 
mc ,m * comprises means for feeding a heat 60 
transfer liquid to -die surface of the opposite 
side of the romtabfle disc and adjacent to 

its centre! .so that when this disc is rotated 
the beat transfer liquid is spread across that 
surface in a fast moving thm iHm by centri- 65 
fcgai forces arising from the motion imparted 
to die heat transfer liquid by the fricuonal 
drag of the disc 

24. Apparatus according to Claim 23> in 
which the means for feeding the heat transfer 70 
liquid to the rotatable disc is arranged for 
the feeding of liquid over the whole of an 
area of die surface of the disc surrounding 
the cemr e of die disc 

25. Apparatus according to any preceding 75 
daim, in wbkb the means for collecting the 
reaction product comprise an anmnar channel 

at the periphery of the roaring disc and a 
pipe whose inlet is within the channel. 

25. Apparatus for chemically reacting a gas 80 
with a hquid substantially as herein described 
with reference to the accompanying drawing. 

UNILEVER LIMITED, 

R. Jonas, 
Agent for the Applicants. 
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